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REMARKS 



Claims 1-24 are pending in the application. 

Drawing Corrections 

Fig. 1 has been amended to provide reference numeral --129— 
to place this application in better form for U.S. practice. 

The Examiner is respectfully requested to approve this 
correction made in the Drawing Correction Authorization Request 
filed concurrently herewith. 

Substitute Specification 

Minor changes have been made to the specification and 
abstract to place them in better form for U.S. practice. 

A Substitute Specification, which implements these changes, 
has been submitted concurrently herewith. 

The Substitute Specification does not contain new matter, 

A Marked Specification showing the matter being added to 
and deleted from the original specification is also submitted 
concurrently herewith. 

Embodiments of the Present Invention 

One of the embodiments of the present invention is directed 
to a hybrid inflator for an inf lating-type safety system of 
vehicles provided with an air bag. The inflator includes: an 
inflator housing containing pressurized medium therein; a gas 
generator installed in the inflator housing, the gas generator 
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having at least one gas generating chamber for storing a gas 
generating agent therein, the gas generating agent being a 
mixture of at least a fuel and an oxidizing agent for generating 
a predetermined amount (B) of combustion gas by combustion 
thereof, a molar ratio (A/B) between an amount (A moles) of the 
pressurized medium and the amount {B moles) of a gas generated 
due to combustion of the gas generating agent is between 8/2 and 
1/9; and an ignition unit connected to the gas generator and 
adapted to ignite the gas generating agent. 

In this embodiment, provision of oxygen gas in the 
pressurized medium is not a requirement because the gas 
generating agent includes an oxidizing agent. The oxidizing 
agent sufficiently oxidizes CO and H2 gasses, harmful to 
passengers of a vehicle, generated as a result of combustion of 
the fuel portion of the gas generating agent. Since provision of 
oxygen gas in the pressurized medium is not a requirement, the 
weight of the inflator can be reduced. 

Another embodiment of the present invention is directed to 
a hybrid inflator for an inf lating-type safety system of 
vehicles provided with an air bag. The inflator includes: an 
inflator housing containing a pressurized medium therein that 
includes an inert gas and no oxygen ; a gas generator installed 
in the inflator housing, the gas generator having at least one 
gas generating chamber for storing a gas generating agent 
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therein, a molar ratio (A/B) between an amount (A moles) of the 
pressurized medium and an amount (B moles) of a gas generated 
due to combustion of the gas generating agent is between 8/2 and 
1/8; and an ignition unit connected to the gas generator and 
adapted to ignite the gas generating agent. 

In this embodiment, since the pressurized medium includes 
no oxygen, the weight of the pressurized medium is lighter than 
a pressurized medium that contains oxygen, and thus the weight 
of the inflator can be made lighter. 

Claim Rejections under 35 U.S.C. § 102 

Claims 1, 3, 4, and 22-24 have been rejected under 35 U.S.C. 
§ 102(b) as being anticipated by Hamilton et al. (JP 08-282427). 
This rejection is respectfully traversed, 

Hamilton discloses a hybrid inflator for an air bag. The 
inflator has a solid propellant that includes at least one of a 
secondary explosive or a gun-type propellant. As the secondary 
explosive, Hamilton discloses explosives such as RDX and HMX. It 
is know in the art that these explosives include oxygen atoms, 
and thus do not require an oxidizing agent to combust. Since, 
however, the amount of the oxygen atoms is not sufficient to 
prevent generation of CO and H2 gasses, combustion of these 
secondary explosives alone would be harmful to passengers of a 
vehicle. Therefore, in Hamilton, the pressurized medium must 
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contain oxygen gas that reacts with CO and H2 gasses to prevent 
generation of harmful gasses. 

By contrast, in the claimed invention of the present 
application, the gas generating agent includes an oxidizing 
agent to prevent generation of such harmful gasses. 

As stated in the foregoing, the solid propellant, which 
corresponds to the "gas generating agent" of the claimed 
invention of the present application, disclosed in Hamilton is 
not "'a mixture of at least a fuel and an oxidizing agent," as 
recited in claim 1. Accordingly, Hamilton does not include a 
"gas generator" that has such a "gas generating agent" as 
recited in claim 1. 

Claims 3, 4, and 22, variously dependent upon claim 1, are 
allowable at least for their dependency upon claim 1. 

Claim 24 is allowable at least for the similar reasons as 
stated in the foregoing with respect to claim 1. More 
specifically, Hamilton does not disclose or even suggest a gas 
generator that has a "gas generating agent" being a "mixture of 
at least a fuel and an oxidizing agent," as recited in claim 24. 

The Examiner is respectfully requested to reconsider and 
withdraw this art grounds of rejection. 
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Claim Rejections under 35 U.S.C. § 103 

(a) Claims 2, 5, 7, 8, and 20-21 have been rejected under 
35 U.S.C. § 103(a) as being unpatentable over Hamilton et al. 
This rejection is respectfully traversed. 

Claims 2, 5, 7, 8, and 20-21, variously dependent on claim 
1, are allowable at least for their dependency upon claim 1. 

The Examiner is respectfully requested to reconsider and 
withdraw this art grounds of rejection. 

(b) Claims 6 and 9-19 have been rejected under 35 U.S.C. § 
103(a) as being unpatentable over by Hamilton et al. in view of 
Lundstrom et al. (USP 4,370,181). This rejection is respectfully 
traversed. 

Claim 6, indirectly dependent on claim 1, is allowable at 
least for its dependency upon claim 1. 

As acknowledged by the Examiner in the Office Action, 
Hamilton fails to disclose an inflator that contains a 
pressurized medium that contains an inert gas and no oxygen. 

The Examiner alleges in the Office Action that Lundstrom 
discloses a solid non-azide composition for generating non-toxic 
nitrogen gas intended for use in the deployment of inflatable 
safety crash bags in vehicles wherein the composition has no 
oxygen present. 
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As correctly stated by the Examiner, Lundstrom discloses a 
nitrogen gas generant compositions consisting of a non-hydrogen 
containing metal salt of 5 , 5 ' -bitetrazol arranged to be oxidized 
with non-oxygen containing oxidizers. Lundstrom, however, does 
not disclose a pressurized medium that includes "an inert gas 
and no oxygen " as required in claim 9. Accordingly, Lundstrom 
does not disclose or even suggest an "inflator housing" as 
recited in claim 1. 

Therefore, even assuming, arguendo, that Hamilton and 
Lundstrom can be combined, Hamilton in view of Lundstrom fails 
to disclose or even suggest the "inflator housing" as recited in 
claim 9. 

Claims 10-16, variously dependent on claim 9, are allowable 
at least for their dependency upon claim 9. 

Independent claims 17 and 19 are allowable at least for the 
similar reasons as stated in the foregoing with respect to claim 
9. More specifically, Hamilton in view of Lundstrom does not 
disclose or even suggest the "inflator housing" as recited in 
claims 17 and 19. 

Claim 18, dependent on claim 17, is allowable at least for 
its dependency upon claim 17. 

The Examiner is respectfully requested to reconsider and 
withdraw this art grounds of rejection. 
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Conclusion 

Accordingly, in view of the above amendments and remarks, 
reconsideration of the rejections and objections, and allowance 
of the pending claims are earnestly solicited. 

Attached hereto is a marked-up version of the changes made 
to the application by the above-noted amendments . 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is 
respectfully requested to contact Maki Hatsumi (Reg. No. 40,417) 
at the telephone number of the undersigned below, to conduct an 
interview in an effort to expedite prosecution in connection 
with the present application. 

Pursuant to 37 C.F.R. §§ 1.17 and 1.136(a), Applicant (s) 
respectfully petition (s) for a two (2) month extension of time 
for filing a reply in connection with the present application, 
and the required fee of $410.00 is attached hereto. 
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If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. §§ 1.16 or 1.17; 
particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




TCB:MH/mh:pjh 
0425-0842P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachment: Version with Markings to Show Changes Made 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION : 

Please replace the original specification and abstract with 
the attached Substitute Specification. 

IN THE CLAIMS : 

The claims have been amended as follows: 

1. (Amended) A hybrid inflator for an inf lating-type 
safety system of vehicles provided with an air bag, comprisingj_ 
an inflator housing containing pressurized medium therein; r 
a gas generator installed in the inflator housing, said gas 
generator having at least one gas generating chamber for storing 
a gas generating agent therein, the gas generating agent being a 
mixture of at least a fuel and an oxidizing agent for generating 
a predetermined amount (B) of combustion gas by combustion 
thereof, a molar ratio (A/B) between an amount (A moles) of the 
pressurized medium and the amount (B moles) of a gas generated 
due to combustion of the gas generating agent is between 8/2 and 
1/9; and 

an ignition unit mcQno — connected to the gas generator and 
adapted to ignite the gas generating agenti — wherein the interior 
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efi — amount — (A molco) — of the prcoourizGd medium and an amount — 

molco) a qers generated — dtie fee combuotion — e4 — t^=^e ^et& 

generating meono io between 8/2 and 1/9 . 

2. (Amended) A hybrid inflator according to claim 1, 
wherein the ratio A/B is aet to 8/2 to 3/7. 

3. (Amended) A hybrid inflator according to claim 1 or 2, 
wherein the gas generating agent includes m canp — ±-s — a — qets 
generating agent including a fuel and an oxidizing agent. 

4. (Amended) A hybrid inflator according to claim 1 or 2, 
wherein the gas generating agent includes meanci — i-s — a — ges- 
generating — agent — including — a fuel, an oxidizing agent_j_ and a 
slug-forming agent. 

8. (Twice amended) A hybrid inflator according to 
claim 1, wherein a weight ratio (a/b) between a weight (a) of 
the pressurized medium and a weight (b) of the gas generating 
agent mcano is set to 0.1 to 7. 

9. (Amended) A hybrid inflator for an inf lating-type 
safety system of vehicles provided with an air bag, comprising_|_ 

an inflator housing containing a pressurized medium therein 
that includes an inert gas and no oxygen; — 

a gas generator installed in the inflator housing , said gas 
generator having at least one gas generating chamber for storing 
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a gas generating agent therein, a molar ratio (A/B) between an 
amount (A moles) of the pressurized medium and an amount (B 
moles) of a gas generated due to combustion of the gas 
generating agent is between 8/2 and 1/8; and— 

an ignition unit mcano — connected to the gas generator and 
adapted to ignite the gas generating agent i — wherein the — interior 



— said — inf lator — housing — arS — 


filled — v/ith — a — prcoourizcd — medium 
oi^ygcn, — the gao — generator has one 


containing an inert gao — and no 




means, — aftd — a — molar — ratio — (A/B) — between — em — amount — (A molco) — e# 




Ull^ p J. iJ U, J. J. llH^i^ J. Ollll" ZJ.ll\Jk 

generated — eh^e — te — combustion 


-ef — — gee — generating — means — 



between 8/2 and 1/9 . 

10. (Amended) A hybrid inf lator according to claim 9, 
wherein the ratio A/B is set to 8/2 to 3/7. 

11. (Amended) A hybrid inf lator according to claim 9 or 
10, wherein the gas generating agent includes m eans — is — a — gee 
generating agent including a fuel and an oxidizing agent. 

12. (Amended) A hybrid inf lator according to claim 9 or 
10, wherein the gas generating agent includes means — i-s — a — gae 

generating — agent — including — a fuel, an oxidizing agent_j and a 

slug-forming agent. 
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16. 



(Twice amended) 



A hybrid inflator according to 



claim 9, wherein a weight ratio (a/b) between a weight (a) of 
the pressurized medium and a weight (b) of the gas generating 



17. (Amended) A hybrid inflator for an inf lating-type 
safety system of vehicles provided with an air bag, comprisingj_ 

an inflator housing containing a pressurized medium 
including an inert gas therein, the pressurized medium 
containing no oxygen;— 

a gas generating agent including a fuel and an oxidizing 
agent; 

a gas generator installed in the inflator housing , said gas 
generator having at least one gas generating chamber that 
contains the gas generating agent; and — 

an ignition means chamber connected to the gas generator 
and adapted to ignite the gas generating agent7 — whoroin — 
interior — e4 — oaid — inflator — housing — ts — filled — with — a — prcoourizcd 
medium containing an inert goo, — tho gaD — generator hao one or two 
or more gao — generating chambers — including a gao — generating mcano, 
said prcoGurizcd medium does not contain an oxygen, — and oaid gao 
generating means — i-s — a — ge-s — generating agent — including a — fuel — aft# 
an oxidizing agent . 



agent m eanG is act to 0.1 to 7. 
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18. (Amended) A hybrid inflator according to claim 17, 
wherein the gas generating agent includes mcana — — a — gee 
generating — agent — including — a fuel, an oxidizing agent_j_ and a 
slug-forming agent. 

19. (Amended) A hybrid inflator for an inf lating-type 
safety system of vehicles provided with an air bag, comprising^ 

an inflator housing containing a pressurized medium 
including an inert gas and no oxygen:— 

a gas generating agent having a pressure index of less than 

0.8; 

a gas generator installed in the inflator housing having at 
least one gas generating chambers for storing a gas generating 
agent: and — 

an ignition means changer connected to the gas generator 
and adapted to ignite the gas generating agent i — wherein — tte 
interior — e# — paid — inflator — housing — ire — filled with — a prcDourizcd 
medium containing an inert gao, — the gao generator has one or two 
or more — ga-s — generating — chambcra — otoring — a — ga-s — generating means, 
the preoourizcd medium contains — fte — oxygen, — and a — pressure — index 
of the gas generating means is less than 0.8 . 

22. (Twice amended) A hybrid inflator according to 

claim 1, wherein the gas generating agent means is kept under irft 
a normal pressure atmosphere. 
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23. (Twice amended) A hybrid inflator according to 
claim 1, wherein the gas generating agent means is formed in a 
perforated cylindrical shape. 

24. (Twice amended) An air bag apparatus , comprising: 
provided with 

an activating signal outputting unit that includes m eano 
comprioing — an impact sensor for detecting an impact and a 
control unit, and 

a module case containing an air bag and a hybrid inflator, 
said hybrid inflator including, 4 =n — which — fe*^e — hybrid — inflator 
according to claim 1 and an air bag arc stored 

an inflator housing containing pressurized medium 

therein, 

a gas generator installed in the inflator housing, 
said gas generator having at least one gas generating 
chamber for storing a gas generating agent therein, the gas 
generating agent being a mixture of at least a fuel and an 
oxidizing agent for generating a predetermined amount (B) 
of combustion gas by combustion thereof, a molar ratio 
(A/B) between the amount (B moles) of a gas generated due 
to combustion of the gas generating agent is between 8/2 
and 1/9, and 
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an ignition unit connected to the gas generator and 
adapted to ignite the gas generating agent . 
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Markea Specification^ 
Appl.._.No. 09/857, 8-9$^ 




Description 
HYBRID INFLATOR 

This application is the national phase under 35 U.S.C. 
§ 371 of PCT International Application No. PCT/ JPOO/06787 
which has an International filing date of September 29, 2002, 
which designated the United States of America and was not 
published in English. 

Technical Field 

The present invention relates to an inf lating-type safety 
system of motor vehicles, and more particularly to a hybrid 
inflator capable of inflating an air bag rapidly and being 
made more compact and lighter, and an air bag apparatus using 
the same inflator. 

Prior Art 

With the development of an inflator for an inf lating-type 
safety system of motor vehicles, a hybrid inflator using both 
a pressurized gas and a solid gas generating agent is 
attracting attention. A main design requirement for the hybrid 
inflator is that the inflator inflates an air bag by a 
predetermined volume in a predetermined time so that the air 
bag is effectively activated. Various proposals concerning a 
structure to meet the requirement have heretofore been made. 
As the prior arts, there have been known JP-A No. 8-282427, EP 
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No. 0844148, USP No. 5, 351, 988, USP No ._5 , 8 82 , 03 6, USP No. 
5,851,027, USP No. _3, 868, 124 and USP No. 3,758,131, etc.. 

Further, since the hybrid inflator is manufactured to be 
installed in the motor vehicle, the weight of the inflator, 
which have has influence upon the weight of the motor vehicle, 
particularly constitutes an important design requirement_^ 
therefor There fore , -&e — that — it is required to consider such 
points . 

However, in the conventional hybrid inflator using a 
pressurized gas together with a solid gas generating agent, 
the design requirement mentioned above can not be sufficiently 
satisfied in some cases. For example, in the case of the 
structure in which an internal pressure is increased by 
utilizing a heat generated due to a combustion of the solid 
gas generating agent and an air bag is expanded — deployed by 
prcGoing — — emitting the pressurized gas, it is necessary to 
increase a thickness of the housing in order to increase a 
pressure resistance. Further, in the case that the oxygen is 
contained in the pressurized gas, there is a problem such that 
the weight is increased by the oxygen. Further, there is a 
hybrid inflator structured such that the oxygen is not 
contained in the pressurized gas by utilizing the gas 
generating agent in perchlorate syste m. In this case , however, 
M — thio — caoQ, — there is a problem such that fine particles 
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which are harmful to a passenger are generated due to the 
combustion of the gas generating agent. Further, the 
conventionally employed solid gas generating agent is mainly 
made of a gun type such as RDX. 

Disclosure of Invention 

An object of the present invention is to provide a hybrid 
inflator being made more compact and lighter without 
deteriorating a function as an inflator and guaranteeing a 
high safety, and an air bag apparatus using the same. 

The present invention providesT — as — efte — solving moanG, — ^_a 
hybrid inflator for an inf lating-type safety system of 
vehicles provided with an air bag, which comprises an inflator 
housing, a gas generator installed in the inflator housing, an 
ignition mcano — unit chamber connected to the gas generator, 
wherein the interior of the inflator housing is filled with a 
pressurized medium containing an inert gas and no oxygen, the 
gas generator has one or two or more gas generating chambers 
including a gas generating moans agent , and a molar ratio (A/B) 
between an amount {A moles) of the pressurized medium and an 
amount {B moles) of gas generated due to combustion of the gas 
generating mcano agent is between 8/2 and 1/9. 

It is possible to reduce a charged amount of the 
pressurized medium by adjusting the molar ratio between the 
amount of the pressurized medium charged inside the hybrid 
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inflator and the amount of the gas generated due to the 
combustion of the gas generating agent. Accordingly, even in 
the case of reducing a capacity of the housing (that is, 
reducing a length and/or a width (a diameter) of the housing) , 
the charged pressure of the pressurized medium (the internal 
pressure of the housing) does not have to be increased, and it 
can be maintained under the same pressure as that before 
reducing the capacity. 

The ratio A/B is preferably set to 8/2 to 3/7. In this 
case, in the hybrid inflator according to the present 
invention, the weight ratio (a/b) between the weight (a) of 
the pressurized medium and the weight (b) of the gas 
generating means is set to 0.1 to 0.7, and preferably set to 
0.5 to 5 . 

In the above hybrid inflator, desirably, the pressurized 
medium does not contain ^fe-he — oxygen -se — as — fee — achieve — for 
achieving, more ef f ectively_j_ the operation and effect 
mentioned above. And further, it is desirable to use the gas 
generating agent containing a fuel and an oxidizing agent — as- 
^^r\F^ — qetB — generating — mcanG . Still, it is preferable to use the 
gas generating agent containing a fuel, an oxidizing agent^ 
and a slug-forming agent — as — feh^ — ga-s — generating mcano — bccauoc , 
in addition to the operation and effect mentioned above. 
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generation of the fine particles_j_ which are harmful to the 
passenger_j_ can be suppressed. 

Further, the above hybrid inflator can be structured such 
that a pressure index at combustion of the gas generating 
mcano agent defined by the following formula rb = aP" (in the 
formula, rb : burning rate, a : coefficient, P : pressure, n : 
pressure index) is less than 0.8. The pressure index (n) is 
preferably set to 0.1 to 0.8, and more preferably to 0.1 to 
0.7. 

In this case, the pressure index n is obtained in 
accordance with two formulas, rbi = aPi^ and rba = aPz", after 
measuring the burning rate rbl in a tank having a pressure Pi 
(70 kg/cm^) and measuring the burning rate rb2 within a tank 
having a pressure P2 (100 kg/ cm^). 

By setting the pressure index (n) to be less than 0.8 in 
this manner, the burning rate at the initial stage of the 
combustion of the gas generating moano agent can be prevented 
from rapidly increasing, and therefore, an increase of the 
housing internal pressure is small. Accordingly, even in the 
case of reducing the thickness of the housing, a sufficient 
pressure resistance can be maintained. Further, since the 

combustion of the gas generating moans agent is stably 

performed due to the small increase of the housing internal 
pressure (that is, the change of the internal pressure is 
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small) , a combustion residue of the gas generating moanG agent 
is never generated. 

Further, the present invention providesT as another 

oolving mcano, — ^_a hybrid inflator for an inf lat ing-type safety 
system of vehicles provided with an air bag, which comprises 
an inflator housing, a gas generator installed in the inflator 
housing, an ignition means — unit chamber connected to the gas 
generator, wherein the interior of the inflator housing is 
filled with a pressurized medium containing an inert gas, the 
gas generator has one or two or more gas generating chambers 
including a gas generating mGans aqent , the pressurized medium 

contains no oxygen, and the gas generating means agent 

contains a fuel and an oxidizing agent. 

Further, the present invention provides, as still another 
way of solving mcano the problem , a hybrid inflator for an 
inf lating-type safety system of vehicles provided with an air 
bag, which comprises an inflator housing., a gas generator 
installed in the inflator housing, an ignition moans — unit 
chamber connected to the gas generator, wherein the interior 
of the inflator housing is filled with a pressurized medium 
containing an inert gas, the gas generator has one or two or 
more gas generating chambers including a gas generating 
mcano agent , the pressurized medium contains no oxygen, and a 
pressure index at the combustion of the gas generating means 
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agent defined by the following formula rb = aP"" (in the 
formula, rb : burning rate, a: coefficient, P: pressure, n: 
pressure index) is burnt is less than 0.8. 

The pressurized medium used in the hybrid inflator 
according to the present invention comprises an inert gas and 
substantially contains no oxygen. As the inert gas, for 
example, argon and helium can be used, and, additionally, 
nitrogen can be used together. Accordingly, the inert gas in 
the present invention contains t^^te — nitrogen. ¥i=ie — argon A rgon 
works ee — a-s — to promote a thermal expansion of the pressurized 
medium, and a leakage of the pressurized medium can be easily 
detected if the helium is contained, so that, preferably, 
defective inflators can be prevented from being distributed. 
The charged pressure of the pressurized medium is set to 10, 
000 to 70, 000 kPa and preferably 20,000 to 60,000 kPa . 

And Further , the present invention providesT as still 

another solving means, a hybrid inflator for an 

inf lating-type safety system of vehicles provided with an air 
bag, which comprises an inflator housing, a gas generator 
installed in the inflator housing, an ignition means — unit 
chamber connected to the gas generator, wherein the interior 
of the inflator housing is filled with a pressurized medium, 
the gas generator has one or two or more gas generating 
chambers including a gas generating mcano agent , and a molar 
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ratio (A/B) between an amount {A moles) of the pressurized 
medium and an amount (B moles) of gas generated due to a 
combustion of the gas generating mcano — agent is between 8/2 
and 1/9. 

In this invention, the ratid A/B is preferably set to 8/2 
to 3/7, the weight ratio (a/b) between the weight (a) of the 
pressurized medium and the weight (b) of the gas generating 
moano agent is set to 0.1 to 7, and preferably set to 0.5 to 
5. Further, preferably, the pressurized medium does not 
contain the oxygen, however, in order to promote the 
combustion of the gas generating agent, oxygen can be 
contained in the pressurized medium. An amount of %i^e — oxygen 
to be added is preferably set to be not more than 10 moles %, 
and more preferably set to be not more than 5 molGQS moles %. 

Further, in the above hybrid inflator, a pressure index 
at combustion of the gas generating means agent defined by the 
following formula rb = aP"" (in the formula, rb: burning rate, 
(a : coefficient, P: pressure, n: pressure index) is less than 
0.8. The pressure index (n) is preferably set to 0.1 to 0.8, 
and more preferably to 0.1 to 0,7. 

Further, in the hybrid inflator mentioned above, the 
charged pressure of the pressurized medium is set to 10,000 to 
70,000 kPa, and more preferably 20,000 to 60,000 kPa. 
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In the above hybrid inflator according to the present 

invention, as the gas generating means, a — g^s — generating 

agent, obtained by mixing compositions containing a fuel and 
an oxidizing agent, or alternatively a fuel, an oxidizing 
agent and a slug-forming agent with a bonding agent if 
required and forming in a desired shape, can be used. 

In the hybrid inflator according to the present 
invention, it is preferable to use the gas generating agent irft 
having a perforated cylindrical shape having with one or two 
or more through holes or non-through holes. By using the gas 
generating agent i^i — t ^havinq such a perforated cylindrical 
shape, the combustion of the gas generating agent can be 
promoted, and thereby, an operating performance of the hybrid 
inflator can be improved. 

In the gas generating agent formed in the perforated 
cylindrical shape, an outer diameter (R) , an inner diameter 
(d) and a length (L) can be suitably set in a range applicable 
to the hybrid inflator. In the case of an agent formed in a 
single-perforated cylindrical shape having one through hole, 
it is preferable that the outer diameter is not more than 6 mm 
and a ratio (L/W) of a length with respect to a thickness (W) 

-K^^^ d) /2] {R-d/2) is not less than 1. In the case of an agent 

formed in a porous cylindrical shape having at least two 
through holes, it is preferable that an outer diameter is not 
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more than 60 min and a ratio (L/W) of a length with respect to 
a width (W) (in the case that a plurality of holes are 
uniformly arranged, a distance between the holes, and in the 
case that they are not uniformly arranged, the average of the 
respective distances) is not less than 1. Further, in the case 
of an agent having one or two or more non-through holes, it is 
preferable that the outer diameter is not more than 60 mm, a 
ratio (L/W) of the length with respect to the thickness (W) 
(having the same definition as that of the above agent formed 
in the porous cylindrical shape) is not less than 1, and a 
ratio (W /W) between a thickness W of the non-through hole 
portion (a distance between the bottom portion of the 
non-through hole and the bottom portion of the cylindrical 
agent) and the thickness (W) is set to 0.5 to 2. 

In the gas generating agent, the gas generated due to the 
combustion thereof serves for expanding and developing the air 
bag together with the pressurized medium. Particularly, in the 
present invention, an amount of mist discharged from the 
inflator can be widely reduced by using the gas generating 
agent containing the slug-forming agent. 

It is preferable that the gas generating mcano — agent 

contains a non-azide organic compound except nitramine 

compounds as a fuelT however, However, there can be 

mentioned propellant compounds, as a composition containing 
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the nitramine compounds, disclosed in the specification of USP 
No. 5,507,891 and indicated in the claims. An example thereof 
can include a compound containing cyclotrimethylene 
trinitramine (RDX) and cyclotet ramethylene tetraanitramine 
(HMX) . Further, in addition, there can be mentioned the 
propellant disclosed in JP-A No. 8-282427 and indicated in the 
claims, for example, a secondary explosive and a binder system 
described in claim 32. As the secondary explosive, the RDX, 
HMX, PETN, TAGN or the like described in claim 34 in the same 
Laid-open print — publication can be mentioned, and as the 
binder system, a compooiton composition containing the bonding 
agent such as CA, CAB, CAP, EC, PVA or the like described in 
claims 37 and 38 can be mentioned. 

As the fuel containing the non-azide organic compound 
except the nitramine compounds, the following a nitrogen- 
containing compound can be used. Examples thereof can be one 
or a mixture of at least two selected from triazole 
derivatives, tetrazole derivatives, and guanidine derivatives, 
azodicarbonamide derivatives, hydrazine derivatives. Specific 
examples thereof can include 5-oxo-l, 2, 4-triazole, tetrazole, 
5-aminotetrazole, 5 , 5-bi-lH-tetrazole , guanidine, 

nitroguanidine, cyanoguanidine, triaminoguanidine nitrate, 
guanidine nitrate, guanidine carbonate, biuret, 

azodicarbonamide, carbohydrazide , carbohydrazide nitrate 
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complex, oxalic acid dihydrazide, and hydrazine nitrate 
complex . 

Preferably, the fuel can be one or two or more selected 
from guanidine derivative such as nitroguanidine (NQ) , 

guanidine nitrate salt (GN) , guanidine carbonate, amino 

nitroguanidine, amino guanidine nitrite, amino guanidine 
carbonate, diamine guanidine nitrite, diamino guanidine 
carbonate, and triamino guanidine nitrite, however, it is not 
limited to these of course. 

As the oxidizing agent, one or at least two selected from 
a group comprising strontium nitrate, potassium nitrate, 
ammonium nitrate, potassium perchlorate, copper oxide, ferrous 
oxide, and a basic copper nitrate are preferably used. 

A preferable amount of the oxidizing agent is 10 to 80 
parts by weight, and more preferably, 20 to 50 parts by weight 
with respect to 100 parts by weight of the fuel. 

As the slug-forming agent, one or at least two selected 
from a group comprising acid clay, talc, bentonite, 
diatomaceous earth, kaolin, silica, alumina, sodium silicate, 
silicon nitride, silicon carbide, hydrotalsite , and a mixture 
thereof are preferably used. 

A preferable amount of the slug-forming agent is 0 to 50 
parts by weight, and more preferably, 1 to 10 parts by weight 
with respect to 100 parts by weight of the fuel. 
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As the bonding agent, one or at least two selected from a 
group comprising sodium salt of sodium carboxymethyl 
cellulose, hydroxyethyl cellulose, starch, polyvinyl alcohol, 
guar gum, microcrystal cellulose, polyacrylamide , and calcium 
stearate are preferably used. 

A preferable amount of the bonding agent is 0 to 30 parts 
by weight, and more preferably, 3 to 10 parts by weight with 
respect to 100 parts by weight of the fuel. 

Further, the present invention is characterized by that a 
gun type gas generating agent having a pressure index (n) not 
less than 0.8, for example, RDX or the like is not used, but 
instead, the above gas generating agent having a pressure 
index (n) of less than 0.8 is used. 

Further, in the hybrid inflator according to the present 
invention, the inflator housing can be formed hy — of high 
strength steels, and in this case, it is possible to use the 
high strength steels having a tensile strength not less than 
60 kg /mm^, preferably 80 to 105 kg/mm^. 

As mentioned above, since a pressure resistance can be 
improved by forming the inflator housing with the high 
strength steels, a thickness of the housing can be made 
thinner so as to reduce the capacity. 

The present invention can be applied to a gas generator 
having a single gas generating chamber including a gas 
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generating mcano — agent (single type), a gas generator having 
two gas generating chambers {dual type) or a gas generator 
having three or more gas generating chambers. An arrangement 
of two or more gas generating chambers is not particularly 
limitedT — — For example, in the case of a gas generator 
having two gas generating chambers, the structure can be made 
such that two gas generating chambers are arranged in series 
and adjacently in the longitudinal direction, that or the two 
chambers a^^e — can be arranged in series and apart from each 
other in the longitudinal direction, that or the two chambers 

can be arranged in parallel and adjacently in the 

width-direction, and that or the two chambers are arranged in 
parallel and apart from each other in the width-direction. 

And, t^^e The arrangement of the combustion chambers in 

parallel in the width-direction includes the arrangement such 
that the two combustion chambers are concentrically arranged 
and one gas generating chamber is defined outside the other 
gas generating chamber^ and the arrangement such that two gas 
generating chambers, having a widthwise semicircular cross 
sectional shape, are arranged in the width-direction. 

In the hybrid inflator as mentioned above, the structure 
can be made such that the gas generating mcano — agent is kept 
under the normal pressure atmosphere. It is preferable to keep 
the gas generating mcano — agent not under the pressurized 
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atmosphere but under the normal pressure atmosphere because 
the gas generating moano agent can be hardly deteriorated due 
to the pressure in a long period of time. In the case of being 
deteriorated due to the pressure, the gas generating mcano 
agent may be easily broken at combustion in some cases. 

In the present invention as mentioned above, the "gas 
generator" means — t4^e — e^e — having has a gas generating function 
such that a high temperature combustion gas is generated due 

to a combustion of the gas generating means (the q^rS- 

generating agent) agent in the gas generating chamber so as to 
flow the high temperature combustion gas into the inflator 
housing. And, the hybrid inflator includes the gas generator 
inside^ the inflator housing, the "inflator" means — trhe — efie 

having has a function such that the pressurized medium 

existing inside the inflator housing but outside the gas 
generator is made flow out to the external by means of the 
action of the high-temperature combustion gas flowing out of 
the gas generator &e — — to inflate a material to be inflated 
such as an air bag or the like. Further, the word "hybrid" 

means using in combination with the high-temperature 

combustion gas generated due to the combustion of the gas 
generating agent and the pressurized medium. 

Further, the present invention provides an air bag 
apparatus comprising an activation signal outputting mcano 
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unit including an impact sensor and a control unit, and a 
module case in which the hybrid inflator and the air bag are 
stored . 

The hybrid inflator according to the present invention 
adjusts a molar ratio between an amount of pressurized medium 
and an amount of gas generated due to the combustion of the 
gas generating agent, and further adjusts a composition of the 
pressurized medium and the gas generating agent and/or 
improves a pressure resistance by using high strength steels, 
thereby making the inflator more compact and lighter than the 
conventional onc inf lator . 

Brief Description of the Drawings 

Fig. 1 is a vertical cross sectional view showing one 
embodiment of a hybrid inflator according to the present 
invention; and 

Fig. 2 is a vertical cross sectional view showing another 
embodiment of a hybrid inflator according to the present 
invention . 

Dcocription of RcfcrcncQ NumcralD 

100 Hybrid Inflator 

102 Inflator Housing 

110 Cao Generator 

120 Cao Generating Chamber 

122 Gao Generating Agent 
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130 Igniter 

132 Doootcr 

140 DiffuDcr 

142 DiffuDcr Port 

1 4 8 Main Rupturablc Diok 

150 Stud Bolt 

Preferred Embodiment of the Present Invention 

A description will be given in detail given below of the 
present invention with reference to the accompanying drawings 
showing one embodiment according to the present invention. 
Fig. 1 is a vertical cross sectional view of a hybrid inflator 
100 having a single gas generating chamber in its longitudinal 
direction thereof. 

An inflator housing 102 is composed of a cylindrical 
container and is formed by high strength steels. A pressurized 
medium of an inert gas (Ar, Ne^ and N2) containing no oxygen is 
charged in an inner space 103 of the inflator housing 102 
under a desired pressure. The pressurized medium is normally 
charged from a thin small hole 106 formed in a boss 104 which 
is connected to one end side of the inflator housing 102, and 
the thin small hole is closed by a seal pin 108 after charging 
the pressurized medium. 

5%e — A gas generator 110 has a single gas generating 
chamber 120 defined by a cylindrical gas generator housing 
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112, a partition wall 114 and a partition wall 116 which also 
function — as — ad j ucting f unctions for adjusting an amount of 
agents, and a gas generating agent 122 comprising desired 
amounts of a fuel and an oxidizing agent is charged inside the 
gas generating chamber 120. A desired number of communicating 
holes 124 are formed on the housing 112, and a filter /screen 
may be provided, if required, inside the gas generating 
chamber 120 on the communication holes 124, Since the 
pressurized medium flows into the gas generating chamber 120 
through the communication holes 124, the inside of the gas 
generating chamber 120 is kept at the same pressure as that of 
the inner space 103 of the inflator housing 102. 

An ignition moana — unit 129 is connected to the gas 
generator 110 in one end of the inflator housing 102, the 
ignition mcanD — unit 129 includes an igniter 130 and a booster 
(a transfer charge) 132 charged in a booster cup to be ignited 
and burnt upon — activation of the igniter 130 , and a 

rupturable disk 134 is provided between the igniter 130 and 
the booster 132. Reference numeral 136 denotes an initiator 
collar for fixing attaching the igniter to the boss 104. 

A diffuser 140 is connected to the other end of the 
inflator housing 102, and the diffuser 140 has a plurality of 
diffuser ports 142 for feeding the pressurized medium to the 
air bag and diffuser screens 144 and 146 for removing fine 
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particles. The diffuser 140 is provided with a main rupturable 
disk 148 on the inside of the inflator and a stud bolt 150 
which is fixed on the outer surface side by welding to connect 
to the air bag module. 

In the hybrid inflator 100 shown in Fig. 1, a molar ratio 
(A/B) between an amount of the pressurized medium (A moles) 
and an amount of the gas generated due to the combustion of 
the gas generating agent 122 (B moles) is set to 8/2 to 1/9, 
and further, a pressure index (n) is set to be less than 0.8. 
Further, a weight ratio (a/b) between a weight (a) of the 
pressurized medium and a weight (b) of the gas generating 
agent is set to 0.1 to 7. 

Accordingly, when the gas generating agent 122 is burnt 
upon the activation of the igniter 130 and the ignition of the 
booster 132, an excessive increase of the internal pressure 
can be prevented. Further, the gas generated due to the 
combustion of the gas generating agent 122 flows into the 
inner space 103 through the communicating hole 124, increases 
the internal pressure together with the pressurized medium, 
and breaks the main rupturable disk 148. Thereafter, the 
pressurized medium and the generated gas are injected from the 
diffuser port 142 and applied so as to inflate and develop the 
air bag. 
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Next, a description will be given of a hybrid inflator 
200 shown in Fig. 2. Since the hybrid inflator 200 has the 
same structure and the same operation as those of the hybrid 
inflator 100 shown in Fig. 1 except having a second gas 
generating chamber 220 in addition to the first gas generating 
chamber 120 corresponding to the gas generating chamber 120 in 
the hybrid inflator 100 shown in Fig. 1, and also having a 
first igniter 130 and a second igniter 230 respectively 
connected thereto, the same reference numerals are attachod 
Re used to indicate the same elements as those shown in Fig. 1, 
and a description thereof will be omitted. 

The second gas generating chamber 220 is defined by the 
cylindrical gas generator housing 112, the partition wall 116 
and the boss 104, and a second igniter 230 is connected via a 
second rupturable disk 234. In this case, reference numeral 
222 denotes a second gas generating agent, reference numeral 
224 denotes a communicating hole, reference numeral 122 
denotes a first gas generating agent, and reference numeral 
134 denotes a first rupturable disk. 

In the hybrid inflator according to the above embodiment, 
the structure can be made such that the gas generating agent 
is not kept in the pressurized medium but in the normal 
pressure atmosphere. An example of such a hybrid inflator can 
be one in which a diffuser is arranged between a space where 
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the pressurized medium exists (this space is called 'as a 
"pressurized medium charged chamber") and the gas generating 
chamber, and the pressurized medium charged chamber and the 
diffuser are completely sectioned by the partition wall and 
the rupturable disk, ee — as — to maintain the inside of the 
pressurized medium charged chamber at a pressurized atmosphere 
and maintain the inside of the gas generating chamber at a 
normal pressure atmosphere. In this hybrid inflator, when the 
rupturable disk is broken due to the combustion of the gas 
generating agent in the gas generating chamber, the 
pressurized medium in the pressurized medium charging chamber 
is discharged from the diffuser through the broken rupturable 
disk, and thereby inflating an air bag. 

The air bag apparatus according to the present invention 
is provided with an activating signal outputting mcQno — unit 
comprising an impact sensor and a control unit, and a module 
case within which the hybrid inflator and the air bag are 
accommodated. For example, the hybrid inflator 100 shown in 
Fig. 1 is connected to the activating signal outputting means 
unit (the impact sensor and the control unit) in the igniter 
130 side, and is connected and fixed — into attached to the 
module case to which the air bag is mounted, by screwing a 
stud bolt 150. 
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The hybrid inflator according to the present invention 
can be suitably modified in a normal manner by those skilled 
in the art with respect to the other constituting elements 
than the elements mentioned above. Accordingly, the means for 
breaking the main rupturable disk 148 can be modified to ^fe4=^e 
other means such as known mechanical breaking means, for 
example, a structure using a sharp-shaped projectile, and 
electrical breaking means, for example, a structure using an 
igniter for a rupturable disk, in addition to the means 
utilizing a gas pressure. 

Examples 

A description will be given in more detail given below ^ 
with regard to the present invention on the basis of examples— 
however . However , the present invention is not limited to 
these. In this case, the gas generating agent used in the 
below — following examples was formed in a cylindrical shape 
with a single hole and having the an outer of diameter of 5.4 
mm, the an inner diameter of 0.7 mra_j_ and the length of 5 mm. 

Example 1 

The hybrid inflator 100 in an aspect shown in Fig. 1 was 
manufactured. Details were as follows. 

The inflator housing 102 was produced by using high 
strength steel (a tensile strength of 90 kg/mm^) . The 
pressurized medium was 2.6 moles (100 g) of an argon and 
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helium mixed gas +_(_Ar : He = 96 : 4 (molar ratio) (internal 
pressure of 32000 kPa) , and the gas generating agent was 40 g 
(corresponding to 1.0 moles of the generated gas) of a 
composition comprising nitroguanidine , strontium nitrate, 
carboxymethyl cellulose^ and Japanese acid clay (34 : 50 : 9 : 
7), at A/B = 7.2/2.8, A weight ratio (a/b) between the 
pressurized medium and the gas generating agent was 2.5. 
Accordingly, 3.6 moles of gas could be totally utilized at the 
activation, and the total weight of the pressurized medium and 
the gas generating agent before the activation was 140 g. In 
this case, the pressure index (n) of the gas generating agent 
was 0.6. 

The hybrid inflator 100 constituted by the structure 
mentioned above had the diameter of 59 mm, the length of 156 
mm (a length except the stud bolt 150 and the length of the 
stud bolt 150 was 20 mm) . The thickness of the inflator 
housing 102 was 2.5 mm, and the total weight was 1,100 g.'As a 
result of activating such a hybrid inflator 100, the internal 
pressure was 44,100 kPa. 

Comparative Example 1 

The hybrid inflator 100 in an aspect shown in Fig. 1 was 
manufactured. Details were as follows. 

The inflator housing 102 was produced by using ^t^^e — ^a 
normal steel (a tensile strength is 40 kg/mm^) . The pressurized 
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medium was 3.6 moles {140 g) of an argon and helium mixed gas 
-{—±0^ : Ar : He = 20 : 76 : 4 (molar ratio-H — ) ) (the internal 
pressure was 32,000 kPa), and the gas generating agent was 8 g 
(corresponding to 0.39 moles of the generated gas) of a 
composition comprising RDX and polyacrylic ester elastomer, at 
A/B = 9.2/1. A weight ratio (a/b) between the pressurized 
medium and the gas generating agent was 17.5. The pressurized 
medium and the generated gas of the gas generating agent 
reacted with each other at the time of activation, thereby 
totally becoming 3.78 moles. The gas generating agent could 
generate heat sufficient to utilize all of 3.78 moles of gas 
for inflating the air bag. Accordingly, the total weight of 
the pressurized medium and the gas generating agent became 147 
g. In this case, the pressure index (n) of the gas generating 
agent was 1.0. 

In the hybrid inflator 100 constituted by the above 
structure, a thickness of the inflator housing was set to 3.3 
mm in order to secure an actual pressure tightness, and 
thereby, a diameter became 60.6 mm. Further, since the 
pressurized medium was charged a lot, in order to obtain the 
same pressure as that of Example 1, the length thereof was 
178.7 mm (a length except the stud bolt 150 which length was 
20 mm), and the total weight of the hybrid inflator was 1,680 
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g. As a result of activating the hybrid inflator 100, the 
internal pressure was 58,800 kPa. 

Example 2 

The hybrid inflator 100 having the same structure as that 
of the example 1 was manufactured. In this case, the internal 
capacity was set to 0.16 L and the capacity of the gas 
generator storing the gas generating agent was adjusted -s^ — BtB- 
to store the amount of the used gas generating agent. The 
other constituting elements were as follows. 

Pressurized medium: 1.6 moles (62 g) of mixed gas of 
argon and helium +_(_Ar : He = 96 : 4 (molar ratio) — ]-)_ (the 
internal pressure 32,000 kPa) 

Gas generating agent: 80 g (the generated gas of 2.0 

molcoo m oles ) of the same agent as that of the Example 1 

A/B : 1.6/2.0 

A/b : 62/80 = 0.775 

Total gas amount at a time of activating : 3.6 moles 

As a result of activating the hybrid inflator, the internal 

pressure was 68,000 kPa . 

Example 3 

The hybrid inflator was manufactured in the same manner 
as that of the example 2 except that the gas generator was 
composed of a pressure resisting container and the gas 
generating chamber in which the gas generating agent had been 
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stored was set to the normal pressure. In this case, in order 
to keep the gas generating chamber at the normal pressure, the 
rupturable disk was provided between the gas generating 
chamber and the inflator housing. As a result of activating 
such a hybrid inflator, substantially the same result as that 
of the example 2 could be obtained. 

Example 4 

A dual-type hybrid inflator 200 shown in Fig. 2 was 
manufactured. Details were as follows. 

The inflator housing 102 was produced by using high 
strength steel (a tensile strength is 90 kg/mm^) . The 
pressurized medium was 2.6 moles (100 g) of an argon and 
helium mixed gas +_(_Ar : He = 96 : 4 (molar ratio) -H"! (internal 
pressure is 32, 000 kPa) , and the gas generating agent was 
respectively 20 g of a composition comprising nitroguanidine , 
strontium nitrate, carboxymethyl cellulose and Japanese acid 
clay (34 : 50 : 9 : 7), at A/B = 7.2/2.8, for the first gas 
generating chamber and the second gas generating chamber 
(total 40 g corresponded to 1.0 moles of the generated gas). A 
weight ratio (a/b) between the pressurized medium and the gas 
generating agent was 2.5. Accordingly, 3.6 moles of gas could 
be totally utilized at a time of activating, and the total 
weight of the pressurized medium and the gas generating agent 
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before the activation was 140 g. In this case, the pressure 
index (n) of the gas generating agent was 0.6. 

The hybrid inflator 200 constituted by the above 
structure had the diameter of 59 mm, the length of 156 mm (a 
length except the stud bolt 150 which length is 20 mm) . And 
the thickness of the inflator housing 102 was 2.5 mm, and the 
total weight was 1,200 g. As a result of activating the hybrid 
inflator 200 by a simultaneous ignition of the first and 
second igniters, the internal pressure became 48,000 kPa . 

Example 5 

In the example 1, the hybrid inflator is manufactured in 
the same manner as that of Example 1, except that the 
pressurized medium was the mixed gas of argon, oxygen and 
helium -^J_^r : : He - 93 : 3 : 4 (molar ratio) As a 

result of activating the hybrid inflator, the same result as 
that of the example 1 could be obtained except the matter that 
partly generated CO and H2 were converted into CO2 and H2O . 
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Abstract of the Disclosure 
— invention provides — a— A hybrid inflator which is made 
more compact and lighter is provided . An excessive internal 
pressure increase at a time of activation . is prevented by 
setting a molar ratio (A/B) between a pressurized medium (A 
moles) charged in a housing 102 and an amount of a gas (B 
moles) generated due to combustion of a gas generating agent 
122 to 8/2 to 1/9. 



